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Soil-borne microbial communities are influenced by plant roots due to, among other factors, 
the excretion of organic compounds in the exudates. Plants thus selectively attract 
microorganisms in their rhizospheres which then consume particular excreted compounds. It 
clearly follows that microbial communities in the rhizosphere may be differentially influenced 
by plant genotype as well as developmental stage if these incur different patterns of root 
exudation. However, there is a paucity of knowledge on the extent to which such community 
shifts may occur, on the dynamics of the changes and on the putative effects regarding the 
functioning of the system. Hence, in order to weigh effects of transgenic plants, it is important 
to first assess the overall community composition as well as individual microbial populations 
as these are affected by plants, and study fluctuations therein. Moreover, easy monitoring 
methods are needed to track the community and diversity changes over time. Such 
assessments will define the baseline of cropping in a particular soil, against which the effect of 
genetically modified cultivars can be weighed, in this study tuned to potato as a crop.  
So far, such a baseline of soil functioning has not been well-defined, and this is mainly 
due to the fact that soil ecosystems are dynamic and can be instantly changed due to seasonal 
influences as well as to different agricultural management practices. Thus, as this represents 
the normal operating conditions of the system, the seasonal variability of the soil communities 
under cropping regimes should be used to establish a baseline. The borders of these microbial 
aspects will be provided by the extremes of fluctuations and thus determine the normal 
operating conditions. This will culminate in the provision of a technically-based protocol for 
risk assessment of GM crops in terms of effects on soil. 
Since less than 1% of soil microorganisms can be cultivated from their natural 
environments, new and more sensitive approaches are required that provide better measures 
of community structure and function. However, biases of other nature are possibly introduced 
right at the forefront of most of our current soil DNA-based molecular analyses, that is, at the 
soil DNA extraction stage. Therefore in Chapter 2 of this thesis, four different DNA extraction 
methods, including two non-commercial ones, the Smalla et al  and CIAT  methods, and two 
commercial ones (MoBio Ultraclean  and Powersoil), were compared for their efficiencies in 
producing DNA from three agricultural soils of contrasting texture and organic matter content. 
The analyses performed included assessments of DNA quality and quantity as well as PCR-
DGGE based analyses of bacterial, archaeal, ß-proteobacterial, ß-proteobacterial ammonium 
oxidizer, and pseudomonad and actinobacterial communities. Across the target bacterial 
groups, clear effects of DNA extraction method on the apparent richness and community 
structures based on DGGE patterns were discernible. Thus, different DNA extraction methods 
applied to the same soil sample yield different views of the communities present in that 
sample. Powersoil was used for the rest of project, because of its efficiency, yield and purity. 
In Chapter 3, the effects of plant cultivar, growth stage and soil type on the 
communities associated with the potato cultivars Aveka, Aventra, Karnico, Modena, Premiere 
and Désirée were assessed in two different sandy fields, containing either high or low amounts 
of organic compounds in the different growth stages (young plant, flowering, senescence). 
Thus, bacterial and ß-proteobacterial PCR-DGGE analyses were performed to analyze plant 
cultivar and growth effects on the rhizospheric community structures. The analyses showed 
that all cultivars in both fields exerted a rhizosphere effect on the total bacterial as well as ß-
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proteobacterial communities. In addition, plant growth stage strongly affected the ß-
proteobacterial communities in both fields. Moreover, the community structures were 
affected by cultivar type, which were different in their physiologies as reflected in their growth 
rates, root development and estimated tuber starch contents. Aromatic sulfonates in soil are 
seen to be largely immobile, altough they can be important for plant sulfur nutrition in sulfur-
depleted soils. Therefore, qPCR-based quantification of the Variovorax paradoxus specific 
functional gene asfA (involved in desulfonation) indicated clear potato rhizosphere effects on 
the abundance of this gene. Interestingly, both cultivar type and plant growth stage affected 
the community under particular circumstances. For further analysis, as described in Chapter 4, 
DNA-based pyrosequencing was used to characterize the structure of bacterial communities in 
the low organic soil field cropped with potato to be able to see the trend of major phyla and 
class. The pooled rhizospheres of previously mentioned cultivars, at three growth stages 
(young, flowering and senescence) were examined, in addition to corresponding bulk soils. 
Around 350,000 sequences were obtained (5,700 to 38,000 per sample). Across all samples, 
rank abundance distributions best fitted the power law model, which indicates a community 
composed of a few highly dominant species next to numerous rare species. Dominating 
sequences mainly belonged to the Actinobacteria, Alphaproteobacteria, next to as-yet-
unclassified bacteria. Other groups that were consistently found, albeit at lower abundance, 
were Beta-, Gamma- and Deltaproteobacteria and Acidobacteria.  Principal components 
analyses revealed significant effects of the rhizospheres for all growth stages. Furthermore, 
cultivar effects were found in the young plant stage, whereas these became insignificant in the 
flowering and senescence stages. Besides, an effect of time of season was observed for both 
rhizosphere and bulk soils. As revealed by ecological indicators, the mainly copiotrophic 
Pseudomonas, Beta-, Alpha- and Deltaproteobacteria flourished at different times of season 
(corresponding to plant growth stages) when compared to the presumably oligotrophic 
Acidobacteria.  
The objective of Chapter 5 was to assess soil and cultivar type effect on the structure of 
the substrate-responsive communities. The rhizospheres of five different potato cultivars 
obtained from a loamy sand soil and two from a sandy peat soil, next to corresponding bulk 
soils, were studied with respect to their community structures and potential function. Next to 
the bacterial 16S rRNA gene based PCR-DGGE analysis, the latter extracted microbial 
communities were subjected to analyses in phenotype microarrays, with a focus on the use of 
different carbon, sulfur and phosphorus sources. In addition, bacterial PCR-DGGE on selected 
microarray wells was done to assess the structures of the substrate-responsive communities. 
Effects of soil type, the rhizosphere and cultivar on the microbial community structures and 
diversities were clearly observed. Soil type was the most determinative parameter shaping the 
functional communities, whereas the rhizosphere and cultivar type also exerted an influence.  
In Chapter 6, the effect of different concentrations of linear alkyl benzenesulfonate 
(LAS) and sulfate in the soil with two potato cultivars Aveka (high starch tuber) and Premiere 
(low starch tuber) was studied in a microcosm experiment, since aromatic sulfonates in the 
soil are suggested to be an important sulfur source for plant nutrition. Bacterial and ß-
proteobacterial PCR-DGGE and bacterial and asfA specific qPCR analyses were performed to 
analyze cultivar, growth and treatment effects on the bulk and rhizospheric community 
structures and abundance. The analysis showed that growth and treatment had clear effect on 
the community makeup, although no significant treatment effect was observed on the 
bacterial abundance. LAS treatment did not show any significant effect on Variovorax 
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paradoxus specific asfA abundance. Desulfonation processes might not have been activated, 
as a result of insufficient depletion of the available sulfate pool. Betaproteobacterial clone 
libraries were constructed for control, 50 mg/ kg dry soil sulfate and 50 mg/ kg dry soil LAS 
treated cultivar Premiere as well as for initial bulk soil revealed a significant treatment effect. 
It is suggested that certain phylotypes for desulfonation and/or carbon mineralization process 
utilized the LAS. Demonstrations with better sulfate depleted soil must be done to be able to 
see the importance of desulfonation process in agriculture. 
It is important to examine the internal dynamics of soil microbial communities not 
simply for the characterization of these complex biotic systems, but also to understand the 
impact that changes in microbial community composition may have on terrestrial ecosystems. 
Therefore, in Chapter 7 the effect of agricultural land use practices on soil microbial 
community structure were investigated. A rotation of potato – barley- potato, including 
genetically modified potato was studied. Thus, as this represents the normal operating 
conditions of the system, the seasonal variability of the soil communities under cropping 
regimes should be used to establish a baseline. As was shown by analysis of the bacterial 
community structure of rhizosphere samples was affected by growth stage. Besides, clone 
libraries and DGGE analysis indicated that bulk soil community was not stable over three 
growth season. This result indicates that there is a combined effect of temperature, tillage and 
plant on the soil bacterial community. 
In Chapter 8, a discussion of all the chapters is presented and recommendations for 
future research are raised. It is suggested that methods must be optimized for the certain 
conditions to be able to get the highest efficiency. Besides, methods must be used in 
conjunction to eliminate the method vice biases as much as possible. DNA extracted with best 
method indicated that the soil and cultivar type have clear effect on the bacterial community 
structure. However, the genetically modified cultivar did not exert any different effect in 
comparison to other cultivars and fit into the normal operating range.  Furthermore, the use 
of agricultural practices such as fertilization and tillage played an important role on the 
bacterial community.    In conclusion, based on the modification or crop type, indicator 
organism must be predetermined and tracked. In our case, genetic modification for increasing 
the starch content, betaproteobacterial community changes was a sensitive indicator for the 
assessment of side effects. 
